To assess the reproducibility of retinal thickness measurements in normal subjects and to compare foveal thickness using optical coherence tomography (OCT) and the scanning retinal thickness analyzer (RTA).
A n objective, quantitative, and sensitive method to assess retinal thickness would provide a better understanding of macular pathologies. The current methods used clinically, including slit-lamp biomicroscopy and stereo fundus photography, provide only a subjective evaluation of retinal thickness and are relatively insensitive to small changes in retinal thickness. 1 Several new techniques to assess retinal thickness quantitatively have been developed and are available commercially. [2] [3] [4] [5] [6] [7] [8] Optical coherence tomography (OCT) is a noninvasive, noncontact, transpupillary imaging technology that can image retinal structures in vivo with a resolution of 10 to 17 m. 2, 3 Cross-sectional retinal images are produced using optical backscattering of light in a fashion analogous to B-scan ultrasonography. The anatomic layers within the retina can be differentiated and the retinal thickness can be measured.
The scanning retinal thickness analyzer (RTA) is also a noncontact imaging technique that generates multiple optical cross-sections of the macula. 4 -6 A green HeNe laser slit is projected on the retina and scanned across 10 locations covering a 2-mm square on the fundus. The reflected image of the intersection of the two retinal boundaries is recorded digitally. The separation between the reflections from the vitreoretinal interface and from the chorioretinal interface is the measure of the retinal thickness. Depth precision and depth resolution of the scanning RTA were reported to be 5 to 10 m and 50 m, respectively. 9 Studies directly comparing these two technologies are warranted to clarify their specific clinical uses.
The purpose of this study was to assess the reproducibility of retinal thickness measurements in normal subjects using both OCT and the scanning RTA. We also compared the foveal thicknesses measured with the two instruments.
Methods
Retinal thickness measurements were performed in 24 eyes of 12 healthy subjects (9 men and 3 women) using both OCT and the scanning RTA. The subjects were volunteers and were fully informed of the purpose of the examination; each provided written informed consent. The mean age of the volunteers was 23 years (range, 20 -33 years).
Before the retinal thickness measurements were performed, visual acuity and slit-lamp biomicroscopic examinations were performed, and the pupils were dilated using a mixture of 0.5% tropicamide and 0.5% phenylephrine hydrochloride (Mydrin-P, Santen Pharmaceuticals, Osaka, Japan). The refractive spherical errors were less than 2 diopters. All subjects had clear media; indirect funduscopy was performed to ensure that the retinas were normal. The mean axial length measured by A-mode ultrasound (OcuScan, Alcon Surgical, Irvine, CA) was 23.97 mm (range, 23.24 -24.97 mm).
Optical coherence tomography images were obtained with a commercially available OCT scanner (OCT 2000 version A 4.01; Carl Zeiss-Humphrey Systems, Dublin, CA). All eyes were examined at a scan length of 3.44 mm vertically across the fovea. A cross-sectional image was displayed in a false-color scale, which indicated the reflectivity of the retinal structures. A computer algorithm was used to profile the inner and outer retinal boundaries, and the retinal thickness was computed automatically from these boundaries by assuming a constant refractive index of 1.36. The foveal thickness was defined as the minimum value that was located near the center of the image.
The scanning RTA (RTA version 2.13; Talia Technology Ltd., Mevaseret Zion, Israel) is based on the principle of slit-lamp biomicroscopy previously described. 9 The separation between the reflections from the vitreoretinal interface and from the chorioretinal interface was the measure of the retinal thickness. The images were analyzed by an automated, operator-free software algorithm (RTA Analysis, version 6.30; Talia Technology Ltd.). Briefly, each optical cross-section was divided into 10 segments 200 m in length, and each was converted into a light intensity profile. For each segment, the vitreoretinal interface and the chorioretinal interface are detected in a manner similar to that previously described. 10 The foveal thickness was defined as the minimum value that was located near the center of the 2-mm square area scanned.
The retinal thickness measurements using OCT and the scanning RTA were performed by two examiners: one (S.K.) was experienced with both instruments and the other (J.A.) was not. First, the experienced examiner performed OCT on both eyes of each subject. Each eye was scanned three times during one session. The inexperienced examiner then realigned and performed OCT in the same fashion after all settings including polarization were scrambled. The subjects were instructed to sit back, close their eyes, and relax between each session. The two examiners then performed another series of OCT measurements on both eyes of each subject after all settings were scrambled after the completion of the previous session. After four sessions of OCT measurement, scanning RTA was performed by the two examiners in the same fashion as OCT measurement. Three scans from the center frame including the fovea were evaluated in a single session in each eye of the subjects. The two examiners then performed another series of RTA measurements on both eyes of each subject. The retinal thickness was calculated as the mean of the three values for each session. In this study, the retinal thickness at the foveola was evaluated.
Intraclass correlation coefficients (ICC) (intra-examiner and inter-examiner) were calculated for the paired retinal thickness measurements of each instrument. The ICC was calculated as follows:
where MSB is the between-subjects variance and MSW is the within-subjects variance, as taken from the analysis of variance table. The ICC is commonly used as a measure of reliability. Table 1 (Figures 1 and  2) . Figure 3 is a scatterplot of the foveal thicknesses measured with OCT and the scanning RTA. There was a significant correlation between the foveal thickness measured with the two instruments (R 2 ϭ 0.629, P Ͻ 0.0001). The slope of the regression line was 0.99, and the intercept of the regression line was Ϫ46.0 m.
Results

Discussion
An objective, quantitative, and sensitive method to assess retinal thickness is needed for diagnosing and monitoring retinal diseases, especially those that affect the macular thickness. In this study, the results indicate that for quantifying the foveal thickness both OCT and the scanning RTA are highly reproducible and each has low intra-and inter-examiner variability, even if the examiner is inexperienced with the instruments. To our knowledge, this is the first report to measure the foveal thickness of the same subjects using both OCT and the scanning RTA. A critical test for any technology is whether its measurements can be repeated reproducibly. The field of ophthalmic instrumentation is replete with devices once introduced, only later to be withdrawn due to marginally reproducible results. Our study used ICCs to assess the reproducibility of both OCT and the scanning RTA. The ICC is considered the most appropriate reliability statistic for quantitative data, 11, 12 and is preferred over linear correlation coefficients, which can be misleading when data are separated by a constant function. The ICC is also more informative than tests that compare sample means, because these statistics are only significant when differences between the measures are relatively large. In our study, the experienced examiner performed all examinations first; this could bias the second set of data by improving centration and thus improving the chance of obtaining a foveal scan. The OCT scans were always performed first followed by RTA scans; this could bias the data because the subject may be tired and have poorer fixation compared with the RTA scans. However, because the intra-examiner ICC of the second set of OCT measurements was smaller than that of the first set, and the intra-examiner ICCs were comparable with the inter-examiner ICCs for both pieces of equipment, those possibilities could not have occurred. Our reproducibility results for both OCT and the scanning RTA measurements of the retinal thickness were encouraging.
The average foveal thickness measured with OCT was 155 m, which is comparable to the results reported in previous studies of OCT. Hee et al, 3 Baumann et al, 13 Hee et al, 14 and Otani et al 15 If we calculated the average retinal thickness at 600 m surrounding the fovea, it would be approximately 125 m. This value is still smaller than the thickness mentioned previously. This discrepancy might be due to differences in the version of the analysis software. We defined the foveal thickness as the minimum value around the center of the 2-mm square area scanned, because the foveola is at the bottom of the foveal depression. The greater the area we calculated as the foveal thickness, the thicker it became. In this study, in which we tried to compare foveal thickness using both OCT and the scanning RTA, we defined the foveal thickness as the minimum value near the center of the images obtained with these two instruments. Although the published foveal thickness measurements in vitro (i.e., 100 m 18 and 130 m 19 ) are consistent with our in vivo findings with the scanning RTA, it is difficult to compare them to our in vivo findings because tissue distortion and shrinkage during fixation and preparation are difficult to estimate. Toth et al 20 reported a comparison of the cross-sectional images of primate retinal morphology obtained using the OCT and light microscopy; those investigators found that the retinal thickness measured from the histologic section was 8% greater than that measured from the OCT image.
In conclusion, both instruments can reproducibly quantitate the foveal thickness. The discrepancy in the thickness between these two technologies might be caused by the different methodologies used to detect the retinal pigment epithelial layer. The two technologies are valid for determining retinal thickness measured individually. However, attention is needed when comparing the retinal thicknesses measured with OCT and with the scanning RTA. The exact correlation between the histologic retinal layers and the different reflective layers in the OCT image and the RTA slit image has not been established. We believe that both instruments might significantly contribute to early, accurate diagnosis and better monitoring of treatment of macular diseases, especially macular edema.
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